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Synopsis
Hologram glasses which use the Fresnel hologram are produced. Commercially
available hologram glasses which use the Fourier hologram reconstruct symmetric twin
images according to the plus and the minus first order diffracted lights. Because these
two images overlap, the pattern cannot be placed near the center position. In contract to
that, the hologram glasses using the Fresnel hologram can reconstruct a single image,
therefore they can display more complicated image near the center position. The
condition for a single image reconstruction is discussed.
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Introduction
Recently, hologram glassesl) which are equipped with holograms instead of lenses as
shown in Fig.l, are available at souvenir shops. Through the glasses we can see the
reconstructed hologram images by lights of street lamps, traffic lights or fireworks at
night. When we see a scene through the glasses, the reconstructed images, which are a
character or a heart symbol and so on, will appear overlapping the scene. The
reconstructed images are seen in seven colors because of the spectral effect. Since such
hologram glasses use the Fourier hologram2), they generate twin images according to the
plus and the minus first order diffracted lights. To generate a single image, we produced
hologram glasses which use Fresnel hologram. We discuss the condition in which a single
image is observed.
Fig.l hologram glasses.
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Principle of Hologram Glasses
To reconstruct hologram images, usually the laser beam is used. But even a white
light can reconstruct images, if it is collimated. Figure 2 shows the two different methods
to observe the reconstructed image.
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Fig.2 Schematic diagram of hologram image reconstruction in two methods.
(A) Usual method. (B) Hologram glasses.
In the case of (A), He-Ne laser light expanded by a beam expander illuminates the
hologram. The diffracted light by the hologram is focused by a lens on a screen, and we
observe the image which appears on the screen. While in the case of (B), city lights or
traffic lights are the light sources. Though they are point light sources, because they are
at a long away, the lights are considered as collimated lights when they enter the glasses.
The diffracted light through the crystalline lens of eyeball is focused on the retina, and
we see the reconstructed image.
The production of hologram glasses and the reconstructed image
We produced the hologram for hologram glasses and captured the reconstructed
image in the following way.
(1) The original pattern was drawn by using a tool of Windows or was taken from a
picture by a scanner.
(2) The hologram pattern was calculated by a program written in Visual C++. In the
case of Fourier hologram, it was computed with FFT3). For 1024 x 1024 original pattern,
the computing time is about one minute using a Pentium 200 MHz computer. In the case
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of Fresnel hologram, it was computed with the spherical surface wave method. It took
about three hours to compute for the original pattern consisting of 500 points.
(3) The computed hologram pattern was printed out on an A3 paper by a laser printer.
When a bigger hologram was needed, several copies of the same hologram pattern were
arranged on a wall.
(4) The pattern was photographed using a Minicopy Film. The reduction rate was one
thirtieth. The exposure time had an important influence on the quality of hologram
glasses. Less exposure time made the film more transparent and we could see a clear
back scene. The negative film was developed and fixed, and bleached if necessary4).
(5) When a flashlight covered with pinhole mask is located in a distant position from
the negative hologram, the reconstructed image could be seen.
Fig.3 Reconstructed images by Fourier holograms.
The reconstructed images taken by a digital camera are shown in Fig. 3. (A) is the
reconstructed image by commercially available hologram glasses which use amplitude
holograms. The light source is seen at the center of the figure. The heart symbol of the
first order diffracted light is seen at the upper left, and the minus first order diffracted
light is seen at the lower right. (B) is the reconstructed image by our hologram glasses. In
this case, the film is bleached and the hologram is a phase hologram, so t~e transparency
is high. The image is seen brighter than the case of (A), but the back scene cannot be seen
clearly. (C) is the image whose original pattern is a half circle. As the minus first order
diffracted light appears, the reconstructed image becomes a full circle. Since the light
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source is white, the wavelengths of reconstructed image are separated and we see a circle
in the rainbow color. (D) is a reconstructed image whose original picture is a rather
complicated image, the face of a dog.
When we use the Fourier hologram, usually the appearance of the minus first order
diffracted light makes it difficult to reconstruct a complex image near the center. In the
case of (C), the minus order light has a good effect, though.
Next we discuss the hologram glasses which use Fresnel holograms. The advantage of
the Fresnel hologram is that it does not generate the minus first order diffracted light, so
a single image appears and we can locate the image near the center. To compute a
Fresnel hologram, the spherical surface wave method was used, in which an object is
represented by many points as shown in Fig. 4. Each point is regarded as a point light
source. A spherical wave from each point is synthesized in the hologram plane and mixed
with the reference wave.
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Fig.4 Spherical wave method. A pattern is represented by point light
Figure 5 shows reconstructed images of a heart symbol which is located at different
distances from the hologram plane. (A) is a reconstructed image by the Fourier hologram
which is shown to be compared with those by the Fresnel hologram. As a heart symbol is
at the center of the original pattern, the plus and the minus first order diffracted light
overlap each other. (B) is a reconstructed image by the Fresnel hologram of a heart
symbol which is located at the distance of 50 cm. The minus first order diffracted light
isn't seen and a single image is observed. In (C), the distance is 1 m, a single image is
observed as well. In (D), the distance is 4 m. The minus first order diffracted light
appears and two images overlap each other same as the case of (A). It is shown that the
minus first order diffracted light appears when the distance is large. These conditions
are almost same when we see the image by eye.
So when we produce a Fresnel hologram, the distance should be less than 2 m. When
the distances is less than 0.3 m, it is difficult to focus the images by eye or a camera. So
the minimum distances should be about 0.5 m.
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Fig.5 Dependence of reconstructed images of Fresnel hologram on the distance.
(A) In the case of a Fourier hologram. (B) In the case of a Fresnel hologram.
The distance is 50 cm. (C) The distance is 1 m. (D) The distance is 4 m.
Discussion
Here we discuss the problems of the Fresnel hologram when it is used for hologram
glasses.
(1) The introduction of random phase
When computing the hologram with the spherical surface wave method, if the number
of source point is larger than a thousand, the reconstructed image becomes unclear.
When the random phase is introduced to the reference light, the situation is improved.
(2) The advantage of the Fresnel hologram
When the portion of reconstructed image is away from the center, it becomes dark and
blurred by the color separation. So that the advantage that the minus first order
diffracted light does not appear is important. Since the original pattern can be located at
the center, the Fresnel hologram can reconstruct a bigger image compared to the Fourier
hologram, as shown in Fig. 6.
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Fig. 6 Example of a reconstructed image by a Fresnel hologram.
(3) The condition in which a single image appears
We discuss the reason why the minus first order diffracted light appears when the
distance is 4 m in Fig. 5(D). Figure 7 shows the schematic diagram of capturing the
reconstructed Fresnel hologram image by a digital camera. When collimated light
illuminates a Fresnel hologram, the true image and the conJugate image appear at a
symmetrical distance a in front of and back of the hologram. Usually the true image is
focused on the CCD sensor, where the distance of the lens and CCD sensor is adjusted to
b. The conjugate image is focused at the position of b', which does not appear on CCD
sensor.
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Fig. 7 Capturing of Fresnel hologram image by a digital camera.
The relations between a, b, and h' are described in the following formula,
where f is the focal length of the lens, which is 50mm.
-84-
1 1 1
-+-=-
a h I ... (1)
111
-+-=-
-a h' I ... (2)
(1) is for the true image and (2) is for the conjugate image. The minus sign of a in (2)
means that the conjugate image is the imaginary light source.
From them we get;
b= at
a-I ...(3) b'= ata+1 ...(4)
Figure 8 shows the plot of the distance betweenb and h'versus the distance a
between the two focusing positions (b - b') versus the distance between the original
pattern and the hologram (a). It shows that as the distance a increases,
b - b' decreases. When b - b' becomes near the depth of focus of the lens, both im-ages
appear on the CCD sensor. The depth of focus may be about 1 mm considering that the
two images appear at the distance of 4 m.
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Fig 8 Relation between b - b' and a, and the depth of focus.
Conclusion
Fresnel hologram glasses which reconstruct a single image was produced while the
commercially available hologram glasses reconstruct twin images. The hologram pattern
computed with the spherical surface wave method was photographed using a Minicopy
film. When the distances between the original pattern and the hologram plane exceeds 4
ill, twin images are generated because of the depth of focus of the lens. To reconstruct a
single image, the distance between the original pattern and the hologram plane should
be between 0.5 m and 2 m.
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